This work addresses a novel and efficient bioconversion method for the utilization of 26 tofu whey permeate (TWP), an important by-product from the soybean industry, as a 27 precursor of high value-added ingredients as prebiotic fructooligosaccharides and novel 28 fructosylated α-galactosides. This process is based on the high capacity of the 29 commercial enzyme preparation Pectinex Ultra SP-L to transfructosylate the main 30 carbohydrates present in TWP as sucrose, raffinose and stachyose to produce up to a 31 maximum of 82.1 g L -1 (equivalent to 57% with respect to initial sucrose, raffinose and 32 stachyose content in TWP) of fructooligosaccharides and fructosylated α-galactosides. 33 Raffinose-and stachyose-derived oligosaccharides were formed by the elongation from 34 the non-reducing terminal fructose residue up to three fructosyl groups bound by β-35 (2→1) linkages. These results could provide new findings on the valorization and 36 upgrading of the management of TWP and an alternative use of raw material for the 37 production of FOS and derivatives. 38 39 Page 2 of 28 ACS Paragon Plus Environment Journal of Agricultural and Food Chemistry 45
INTRODUCTION 42
In tofu-making, whey is a waste product derived from the coagulation of soy protein 43 whereas the resulting curd is pressed to form tofu. Tofu whey (TW) is highly perishable 44 due to its high water content and high content of nutritious substances for bacteria. 1 TW 7 added to 0.4 mL of internal standard (IS) solution, containing 0.5 mg mL -1 of phenyl-β-141 D-glucoside. The mixture was dried at 38-40 °C in a rotatory evaporator (Büchi 142 Labortechnik AG, Falwil, Switzerland). Oximes were obtained by addition of 250 µL of 143 a solution of 2.5% hydroxylamine chloride in pyridine to the carbohydrate mixture after 144 30 min at 70 °C incubation. Subsequently, the oximes were silylated with 145 hexamethyldisilazane (250 µL) and trifluoroacetic acid (25 µL) at 50 °C for 30 min. 146 Then, reaction mixtures were centrifuged at 10,000 g for 2 min. This derivatization 147 procedure gives rise to a single chromatographic peak for non-reducing sugars, 148 corresponding to their trimethylsilyl ethers, whereas two peaks are detected for reducing 149 sugars, corresponding to their syn-(E) and anti-(Z) oxime isomers. carbohydrates. Sugar separation was performed using helium as a carrier gas at 0.8 mL 168 min -1 . The rest of chromatographic conditions (type of column, ramp rate, injector 169 temperature and split mode) were the same as those described above for GC-FID 170 analysis. The mass spectrometer was operated in electrospray ionisation mode at 70 eV. Table 1 . The major presence of these carbohydrates is in good agreement 198 with previous reports also describing the carbohydrate composition of TW and/or 199 TWP. 3, 8, 9, 12 Interestingly, a broad and unresolved peak eluting in the monosaccharide 200 area (t R = ~ 7 min, Figure 1 ) and representing 16.9% of total content of carbohydrates 201 was labelled as other monosaccharides and polyalcohols (Table 1) .
202
Further GC-FID analyses were carried out to gain a deeper knowledge on the 203 carbohydrate composition of TWP ( Figure 2 (red profile)). Focusing on the separation 204 of the monosaccharide fraction, substantial amounts of pinitol (peak 2), as well as myo-205 inositol in much lesser amounts (peak 6) were detected, in addition to citric acid (peak 206 1), fructose (peak 3), galactose (peak 4) and glucose (peak 5). Although pinitol was 207 previously identified as a major soluble carbohydrate in soybean plant, 18 to the best of 208 our knowledge, the presence of polyalcohols such as pinitol, inositol and myo-inositol in 209 TW had not been reported up to date. Additionally, in good agreement with LC-RID 210 data, GC-FID analysis confirmed the major presence of sucrose (peak 7), stachyose 211 (peak 16) and raffinose (peak 10), as well as the minor presence of a series of unknown (Table 1) . 216 Additionally, TWP also contains substantial levels of α-galactosides such as raffinose 217 (26.6 g L -1 ) and stachyose (101 g L -1 ) which was previously shown to be hydrolyzed 218 and transfructosylated to product oligosaccharides of higher degree of polymerization 219 (DP). 19
220
The enzymatic source employed in this work was the commercial enzyme that is 1.7, 9 and 34 U mL -1 , were assayed whilst the concentration of TWP was set at 229 60% (w/v), which was the maximum concentration at which TWP was completely 230 soluble in the medium reaction to favor the transglycosylation reaction. In general 231 terms, the maximum production of fructosylated oligosaccharides was achieved after 232 24, 8 and 3 hours of reaction when 1.7, 9 and 34 U mL -1 of enzyme were, respectively, 233 added. Nevertheless, the maximum production of FOS and FDG estimated by LC-RID 234 was achieved when 9 U mL -1 of enzyme was used, i.e., 164 g L -1 (Table 1) 
303
In general terms, FOS and FDG were well resolved by LC-RID with the exception of 304 6'-galactosyl-melibiose (peak 8, Figure 1 ) and fructosyl-raffinose (peak 9, Figure 1 ), as 305 well as fructosyl-nystose (peak 10, Figure 1 ) and stachyose (peak 11, Figure 1 ). Both 
314
Under the developed chromatographic conditions, carbohydrates up to DP 5 were 315 detected and 6'-galactosyl-melibiose (peak 13, Figure 2 ) and fructosyl-raffinose (peak 316 15, Figure 2) , as well as stachyose (peak 16, Figure 2 ) and fructosyl-nystose (peak 17, 317 Figure 2 ) could be well resolved, thus, allowing their accurate quantification ( Table 1) . 318 Finally, the detection of both inulobiose (β-D-Fru-(2→1)-β-D-Fru) (peak 8, Figure 2 
322
Given the lack of commercially available standards for FDG, the structural 
